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Description 

The pres nt inv ntion relates to a liquid ophthalmic composition undergoing liquid-gel phase transition. 
In many known ophthalmic compositions, a large proportion of th active principle administered in th ye 
5 is removed by lachrymal drainage. The effective therapeutic action of such compositions is consequ ntly lim- 
ited to a very short time. To overcome this disadvantage, the use of compositions of the gel, solid implant or 
ointment type have been proposed. However, these dosage forms find patient resistance; liquid fornr^ are bet- 
ter tolerated. 

Thus, in order to solve this problem, liquid dosage forms which gel in situ through the effect of a pH change 
10 (US 4.136,173) or a temperature rise (US 4.188.373, US 4,474,751) have been proposed. 

The major drawback of the above formulations is. in the first case, a non-physiological and hence poorly 
tolerated pH value, and in the second case, the risk of the formulation gelling before its administration, that 
is to say on storage, through the effect of a temperature rise. 

The object of the present invention is to propose an ophthalmic composition having a sustained activity 
15 over a period of time and not possessing these drawbacks. 

More specifically, the present invention relates to a liquid ophthalmic composition which undergoes liquid- 
gel phase transition upon administration to the eye and comprises an aqueous solution of at least one active 
principle, characterized in that the composition contains 0.1 to 5% by weight of a sutphated polysaccharide 
derivative selected from kappacarrageenan, iota-carrageenan and mixtures thereof, whereby the liquid-gel 
20 phase transition is mediated by interaction of the said suiphated polysaccharide derivative with the proteins 
ofthe lachrymal fluid. 

According to the invention, the liquid-gel phase transition undergone by the ophthalmic composition is a 
consequence of the interaction of the suiphated polysaccharides in aqueous solution with tear proteins. 

The presence of electrolytes further improves the rheotoglcal properties ofthe gels obtained. 
25 This phase transition undergone by the ophthalmic composition increases the contact time of the said 
composition with the eye, and accordingly enables a sustained or delayed diffusion ofthe active principle con- 
tained in this composition to be obtained. 

In addition, it is found that the composition according to the invention leads to larger contents of active 
principle in the eye as soon as the composition is applied. 
30 Such an ophthalmic composition also possesses the advantages of not spontaneously gelling through the 
effect of a temperature rise and of possessing a pH close to physiological pH. that Is to say of the order of 7. 

The suiphated polysaccharides used according to the invention are chosen from kappa-carrageenan, iota- 
carrageenan and mixtures thereof. 

According to a preferred embodiment of the invention, iota-carrageenan will be used. 
35 In an essential feature of the invention, the suiphated polysaccharide derivative Is used at a concentration 
of the order of 0.1 to 5% by weight 

The said composition contains at least one active principle In solution or in suspension in an aqueous me- 
dium. 

It Is possible to use a wide diversity of active principles. The latter may be chosen, in particular, from the 
40 following pharmaceutical compounds: 

- antibacterial substances such as beta-lactam antibiotics, for example cefoxitin, n-formamldoylthlena- 
mycin and other thienamycin derivatives, tetracyclines, chloramphenicol, neomycin, carbeniclllin, colls- 
tin, penicillin G, polymyxin B. vancomycin cefazolin, cefaloridlne. chibrorifamycin. gramicidin, bacitracin 
and sulphonamides; 

45 aminoglycoside antibiotics such as gentamicin. kanamycin. amikacin, sisomicin and tobramycin; 

nalidixic acid and Its analogues such as norfloxacin and the antimicrobial combination of fluoroala- 
nine/pentlzidone, nitrofurazones and their analogues; 

- anti-inf lammatories such as cortisone, hydrocortisone, hydrocortisone acetate, betamethasone, dexa- 
methasone. dexamethasone sodium phosphate, prednisone, methylprednisolone. medrysone, fluoro- 

50 metholone. prednisolone, triamcinolone, indomethacin, sulindac. its salts and corresponding sulphides, 

and their analogues; 

- mi tics and anticholinergics such as echot hiopate, pilocarpine, physostlgmine salicylate, diisopropyl f lu- 
orophosphate, plnephrine. dipivalylepinephrine, neostigmin , echothiopate k>dide, d mecarcium bro- 
mide, carbamoylcholine chloride, methacholine, bethanechol and th ir analogues; 

55 . mydriatics such as atropine, homatropine, scopolamine, hydroxyamphetamine, ephedrine, cocain ,tro- 
plcamide. ph nylephrine, cyclopentotat , oxyphenonium, ucatropin and their analogues; 

- other drugs us d in th treatment of eye conditions and I sions, such as: 

antiglaucoma drugs, for exampi timolol and R-timolol and a combination of timolol or R-timolol with 
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pilocarpine, and also many other adrenergic agonists and/br antagonists; epinephrines and a complex 
of epinephrine or prodrugs, and dipivefrin d rivatives and hyperosmotic agents such as glycerol, man- 
nltol and urea; 

- antiparasitic compounds and/or antiprotozoal compounds such as ivermectin, pyrimethamin .trisulpha- 
pyrimidine, clindamycin and corticosteroid preparations; 

- compounds having antiviral activity such as acyclovir. 5-iodo-2*-deoxyuridine (IDU), adenosine arabino- 
side (Ara-A), trif luorothymidine, and interferon and interferoninducing agents such as polyl.polyC; 

- carbonic anhydrase inhibitors such as acetazolamide, dichlorphenamide, 2-(p-hydroxyphenyl)thio-5- 
thiophenesulphonamide, 6-hydroxy-2-benzothiazolesulphonamide, 6-pivaloyloxy-2-benzothiazolesul- 
phonamide. MK 927 and MK 417; 

- antifungal agents such as amphotericin B, nystatin, flucytosine, natamycin and miconazole; 

- anaesthetic agents such as etidocaine, cocaine, benoxinate. dibucaine hydrochloride, dydonine hydro- 
chloride, naepaine, phenacalne hydrochloride, piperocalne, proparacalne hydrochloride, tetracaine hy- 
drochloride, hexylcaine, buplvacalne, lidocalne, mepivacaine and prilocalne; 

- ophthalmic diagnostic agents such as: 

a) those which are used for examining the retina, such as fluorescein sodium; 

b) those which are used for examining the conjunctiva, cornea and lachrymal apparatus, such as flu- 
orescein and rose bengal; and 

c) those which are used for examining abnormal responses of the pupil, such as methacholine. cocaine, 
adrenaline, atropine, hydroxyamphetamlne and pilocarpine; 

- ophthalmic agents such as ethylenediaminetetraacetic acid (EDTA) and deferoxamine; 

- Immunosuppressants and antimetabolites such as methotrexate, cyclophosphamide, 6-mercaptopurine 
and azathioprine; and antibiotlc/anti-inf lammatory combinations such as the combination neomycin sul- 
phate/dexamethasone sodium phosphate, and combinations concomitantly treating glaucoma, for ex- 
ample a timolol maleate/acedidine combination. 

The ophthalmic composition according to the invention must naturally fulfil the criteria for use in this field, 
in particular it should preferably be isotonic and have a pH lying between 5.0 and 8.0. Thus, it may incorporate 
other components such as tonicity regulators, preservatives and buffer systems. 

The present invention also relates to a process for preparing the said composition, characterized in that 
the active principle and, optionally, the other components are mixed with stirring in an aqueous solution In 
the presence of 0.1 to 5% by weight of a sulphated polysaccharide derivative selected from kappa-carragee- 
nan, iota-carrageenan and mixtures thereof. 

The examples given below will enable other advantages and features of the present invention to be denrv 
onstrated. 

EXAMPLE 1 Formulation of an ophthalmic composition 

0.342 g 

1.500 g 
0.240 g 
qe pH 7.0 
3.800 g 
0.0075 g 
qs 100.00 g 

Timolol maleate is the active principle, Aubygel X52TA (Trade Marie) marl<eted by Meso-Rousselot-Satia 
is iota-carrageenan, the tromethamine/mal ic acid combination represents a buffer system, mannitol is a ton- 
icity r gulator and benzaliconium chlorid a preservative. 

EXAMPLE 2 

The composition of ExampI 1 is tested in vitro according to a gelation t st. 

In this test, gelation Is induced by adding 0.5 ml of the said composition to 1 ml of artif iciai tears, the conv 



Timolol maleate 

(corresponds to 0.25 g of timolol base) 

Aubygel (Trade Hark) 

Tromethamine 

Malelc acid 

Mannitol 

Benzalkonium chloride 
Water 
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position of which is giv n in Table I. The formation of th gel Is assess d aft r 30 seconds; incubation at 34X 
followed by filtration, by weighing the residue deposited on the filter. 
The results are giv n In Table II. 

In protein-free artificial tears, gel formation is small, and may b attributed to an interaction between th 
carrageenan and the electrolytes present in the artificial tears. The same test carried out on artificial tears 
containing proteins (lysozyme/bovine albumin fraction V), on the other hand, gives good results. The formation 
of an opalescent gel having low cohesion is observed. The formation of this gel is, moreover Increased by mod- 
erate agitation. 
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EXAMPLE 3 



15 



20 



In order to demonstrate the sustained presence in the eye of the active principle contained in the oph- 
thalmic composition according to the invention, an in vivo study was carried out. 

An ophthalmic composition according to the invention and Timoptol (Trade Mark), used by way of com- 
parison, were subjected to a test of ocular penetration of timolol in albino rabbits. 

For this purpose, instillations of 50 )il of each of the test solutions were carried out inside the conjunctival 
sac of living albino rabbits. Following the administration, groups of six animals were then sacrificed at times 
10 minutes, 30 minutes, one hour, two hours and four hours, and the timolol assayed in the cornea, aqueous 
humor and iris. 

The timolol concentrations thus assayed are shown, respectively, in Table III for the cornea, Table IV for 
the aqueous humor and in Table V for the iris and the ciliary bodies. 

The results demonstrate that an ophthalmic composition according to the Invention gives higher concen- 
trations of active principle in the different tissues than the comparative product Timoptol (Trade Mark) 0.25%, 
this being the case both at the beginning of the application and after 4 hours. 
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TABLE I 

Lysozyme 

Bovine albumin, fraction V 
Sodium chloride 
Potassium chloride 
Sodium bicarbonate 
Calcium chloride 
Hydrochloric acid 
Demineralized water 



0. 67% 
0. 11% 
0,20% 
0. 008% 
qs pH 7.4 



0. 15% 
0,55% 
0. 67% 
0.11% 
0.20% 
0- 008% 
qs pH 7.4 



qs 100.00% qs 100. 00^ 
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TABLE II: 
Gellation test 
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Weiaht of 


Standar-d 




the residn«3 


deviation 


. Protein-free artificial 






tears 

. Artificial tears with 


0.219 mg 


0-033 mg 


proteins 
.Artificial tears with 


0.514 mg 


0-055 mg 


proteins and agitation 


0.969 mg 


0-075 mg 



The results are expressed on a mean of 1 2 measurements 

25 
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Claims 

Claims f r tho f II wing Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

5 1. A liquid ophthalmic composition which undergoes liquid-gel phase transition upon administration to the 
eye and comprises an aqueous solution of at least one active principle, characterized in that the compo- 
sition contains 0.1 to 5% by weight of a sulphated polysaccharide derivative selected from kappa-carra- 
geenan, iota-carrageenan and mixtures thereof, whereby the tiquid-gel phase transition is mediated by 
interaction of the said sulphated polysaccharide derivative with the proteins of the lachrymal fluid. 

10 

2. An ophthalmic composition according to Claim 1 , characterized in that it has a pH dose to physiological 
pH. 

3. An ophthalmic composition according to Claim 1 or Claim 2, characterized in that the sulphated polysac- 
charide is iota-carrageenan. 

4. An ophthalmic composition according to any one of the preceding Claims, characterized in that it contains 
other compounds chosen from tonicity regulators, preservatives and buffer systems. 

5. An ophthalmic composition according to any one of the preceding Claims, characterized in that the active 
principle is chosen from antiglaucoma agents, antibiotics and antiviral agents. 

6. An ophthalmic composition according to Claim 5, characterized in that the active principle is timolol. 

7. A process for preparing an ophthalmic composition according to any one of the preceding Claims, char- 
25 acterized In that the active principle and, optionally, the other components are mixed with stirring In an 

aqueous solution in the presence of 0.1 to 5% by weight of a sulphated polysaccharide derivative selected 
from kappa-carrageenan, iota-carrageenan and mixtures thereof. 

Claims for the following Contracting State : ES 

30 

1. A process for preparing a liquid ophthalmic composition which undergoes liquid-gel phase transition upon 
administration to the eye, characterized in that it comprises mbcing an aqueous solution of at least one 
active principle with 0.1 to 5% by weight of a sulphated polysaccharide derivative selected from kappa- 
carrageenan, Iota-carrageenan and mbctures thereof, whereby the liquid-get phase transition is mediated 

35 by interaction of the said sulphated polysaccharide derivative with the proteins of the lachrymal fluid. 

2. A process according to Claim 1 , characterized in that the composition prepared has a pH dose to phys- 
iological pH. 

^ 3. A process according to Claim 1 or Claim 2, characterized in that the sulphated polysaccharide is iota- 
carrageenan. 

4. A process according to anyone of the preceding Claims, characterized in that the composition is prepared 
in such a way that it contains other compounds chosen from tonicity regulators, preservatives and buffer 

^ systems. 

5. A process according to any one of the preceding Claims, characterized in that the active principle is chos- 
en from antiglaucoma agents, antibiotics and antiviral agents. 

6. A process according to Claim 5, characterized in that the active principle Is timolol. 



Patentanspruche 

Patentanspruche furf Ig nd V rtragsstaat n : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

55 . 

1. Flussiges Augenprgparat das bei Anwendung am Auge in n Flussigk it-Gel-Phasenubergang durch- 
machtundeinewd&rig L5sungausmlndestenselnemWirkprinzip nth§lt,dadurchg kennzelchnet, da(l 
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dasPrgparatO.I bis5Gew.-%elnessulfathaltigenPolysaccharid-Derfvat s enthalt, ausg w§hltauskap- 
pa-Carrageenan, iota-Carrageenan und G mischen davon, wobei der Flussjgk it-Gel-Phasenubergang 
durch eine Wechsetwirkung des g nannt n sulfathattigen Polysaccarid-Derivates mit den Proteinen der 
Tranenflussigkeit ausgeldst wind. 

2. Augenpraparat nach Anspruch 1 , dadurch gekennzeichnet, da& es einen pH-Wert in d r Nahe des phy- 
siologischen pH-Wertes aufweist. 

3. Augenpraparat nach Anspruch 1 Oder 2, dadurch gekennzeichnet, dad das sulfathaltige Polysaccharid 
iota-Carrageenan ist. 

4. Augenpraparat nach einem der vorhergehenden Anspruche, dadurch gekennzeichnet, daO* es weitere 
Verbindungen, ausgewahltausTonus-Regulatoren, Konservierungsstoffen und Puffersystemen, enthalt. 

5. Augenpraparat nach einem der vorausgegangenen Anspruche, dadurch gekennzeichnet, dall das 
Wirkprinzip aus Antlglaucom-Mittein, Antiblotika und antiviralen Mittein ausgewahit ist. 

6. Augenpraparat nach Anspruch 5, dadurch gekennzeichnet, daH das Wirkprinzip Timolol ist 

7. Verfahren zur Herstellung eines Augenpraparates nach einem der vorausgegangenen Anspruche, da- 
durch gekennzeichnet, da& das Wirkprinzip und gegebenenfalls die anderen Komponenten unter Riihren 
In einer wddrigen Ldsung In Gegenwart von 0,1 bis 5 Gew.-% eines sutfathaltigen Polysaccharid-Deriva- 
tes, ausgewahit aus Kappa-Carrageenan, iota-Carrageenan und Gemischen davon, vermischt werden. 

Patentanspruche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung eines f lussigen Augenprdparates, das bel Anwendung am Auge einen Flussig- 
kelt-Gel-Phasenubergang durchmacht, dadurch gekennzeichnet, da& es umfadt das Vermlschen einer 
waBrigen Losung aus mindestens einem Wirkprinzip mit 0,1 bis 5 Gew.-% eines sulfathaltigen Polysac- 
charid-Derlvates, ausgewahit aus kappa-Carrageenan, iota-Carrageenan und Gemischen davon, wobei 
der Flusslgkeit-Get-Phasenubergang durch Wechselwlrkung des genannten sulfathaltigen Polysaccha- 
rld-Derivates mit den Proteinen der Tr§nenf lussigkeit ausgeldst wird. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, da& das hergestellte Priparat eIne pH-Wert in der 
Nahe des physiologischen pH-Wertes aufweist. 

3. Verfahren nach Anspruch 1 Oder 2, dadurch gekennzeichnet, da& das sulfathaltige Polysaccharid iota- 
Carrageenan ist. 

4. Verfahren nach einem der vorausgegangenen Anspruche, dadurch gekennzeichnet, da& das Prdparat so 
hergestellt wird, da& es weitere Verbindungen, ausgewahit aus Tonus-Regulatoren, Konservierungsstof- 
fen und Puffsrsystemen, enthalt. 

5. Verfahren nach einem der vorausgegangenen Anspruche, dadurch gekennzeichnet, da&das Wirkprinzip 
aus Antlglaucom-Mittein, Antiblotika und antiviralen Mittein ausgewShIt wird. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daft das Wirkpinzip Timolol ist 



Revendlcatlons 

Revendlcatlons pour les Etats contractants sulvants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, 
NL, SE 

1. Composition ophtalmlque liquide qui pr6sente un transition d phase liqulde-gel lors de t'administration 
d Toell et qui comprend une solution aqueuse d'au moins un principe actif, la composition dtant caract6- 
ris^e en ce qu'elle contient 0,1 k 5 % en poids d'un polysaccharide sulfate choisi panmi la kappa-carra- 
g6nine, I'lota-carrag^nln et I urs melanges, la transition de phase liquide-gel s'effectuant par i'intermd- 
dtalre d'une interaction dudit polysaccharide sulfate avec les prot^ines du liquide tacrymal. 
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2. Composition ophtalmique selon la revendicatlon 1, caract^risde en c qu'elle a un pH proch du pH phy- 
siologlque. 

3. Composition ophtalmique selon la revendicatlon 1 ou la revendicatlon 2, caract^risde en ce qu I p ly- 
saccharid sulfate st I'lota-carrag^nine. 

4. Composition ophtalmique selon Tune quelconque des revendicattons pr^c^dentes, caract6ris6e en ce 
qu'elle contient d'autres composes choisis parmi tes r^gulateurs de la tonicity, les conservateurs et les 
syst^mes tampons. 

5. Composition ophtalmique selon I'une quelconque des revendicatlons pr6c^dentes, caract6ris6e en ce que 
le prIncipe actif est choisi parmi les agents antiglaucomateux. les antibiotiques et les agents antlvlraux. 

6. Composition ophtalmique selon la revendicatlon 5, caract^ris^e en ce que le principe actIf est le timolol. 

7. Proc^d^ pour preparer une composition ophtalmique selon Tune quelconque des revendicatlons pr6c6- 
dentes, caract^ris^ en ce que i'on melange, avec agitation en solution aqueuse, le principe acttf et, le cas 
^ch^ant, les autres compoants, en presence de 0,1 ^ 5 % en poids d'un polysaccharide sulfate choisi par- 
mi la kappa-carrag^nine, Tiota-carrag^nine et leurs melanges. 

^0 Revendicatlons pour I'Etat contractant sulvant : ES 

1, Proc^d^ pour preparer une composition ophtalmique liquide qui pr^sente une transition de phase liquide- 
gel lors de Tadministration d Toeil, caract^ris^ en ce qu'il comprend le melange, en solution aqueuse, d'au 
molns un principe actif avec 0,1 d 5 % en polds d'un polysaccharide sulfate choisi parmi la kappa-carra- 

2^ gdnine, I'iota-carragdnlne et leurs melanges, la transition de phase liqulde-gel s'effectuant par rinterm6- 

diaire d'une Interaction dudlt polysaccharide sulfate avec les prot^ines du liquide lacrymal. 

2. Proc6d6 selon la revendicatlon 1, caract^ris^ en ce que la composition pr^parde a un pH proche du pH 
physiologique. 
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3. Proc6d6 selon la revendicatton 1 ou la revendicatlon 2, caract6ris6 en ce que le polysaccharide sulfate 
est riota-carrag^nine. 

4. Proc6d6 selon Tune quelconque des revendicatlons pr6c6dentes, caract^risd en ce que la composition 
est pr^par^e de telle sorte qu'elle contient d'autres composes cholsls parmi les rdgulateurs de la tonicity, 
les conservateurs et les syst^mes tampons. 

5. Proc6d6 selon Tune quelconque des revendicatlons pr6c6dentes, caract^risd en ce que le principe actif 
est choisi parmi les agents antiglaucomateux, les antibiotiques et les agents antlvlraux. 

6. Proc6d6 selon la revendicatlon 5, caract6ris6 en ce que le principe actif est le timolol. 
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